In the first part of this study, electrophysiological evidence was provided that the monkey brain can be revived after 1 h of complete ischemia at normal body temperature if care is taken to prevent or to treat postischemic complicating side effects such as postischemic brain edema, cardiocirculatory insuf ficiency, pulmonary distress, and anuria (Hossmann and Grosse Ophoff, 1986) . The criterion of post ischemic revival was spontaneous EEG activity, which began to reappear after 1.5 h and which re turned to normal after 24 h of recirculation. Al though the EEG is generally considered to be a sen sitive indicator of the functional integrity of the border zones, which returned to only 50% of control at 24 h. Incomplete recovery was also observed in thalamic neurons and Purkinje cells. The regional and histoauto radiographic pattern of protein synthesis correlated with the morphological appearance of cells. Ischemic cell changes (mainly of the dark type with microvacuolization and perineuronal glial swelling) were marked after short recirculation times but gradually disappeared in parallel with the return of protein synthesis in most regions of the brain. Only in pyramidal cells of the hippocampus, tha lamic neurons, and Purkinje cells were changes not re versed during the observation period. The results ob tained corroborate the electro physiological observations reported in the first part of this investigation and support the notion that the majority of the neurons of monkey brain survive complete cerebrocirculatory arrest of 1 h for at least 1 day. Key Words: Autoradiography-Cere bral ischemia-Cerebral protein synthesis-Ischemic cell injury-Monkey.
cortex, it is of limited use for the detection of bio chemical lesions. For this reason the study was ex tended to the autoradiographic evaluation of amino acid incorporation into proteins as an additional marker of cell viability. In previous investigations, the state of protein biosynthesis proved to be an early predictor of irreversible ischemic cell injury (Bodsch and Takahashi, 1986) , changes being vis ible before other biochemical or morphological al terations evolved. Using histoautoradiography, res olution is high enough to allow the evaluation of protein synthesis at the cellular level. Biochemical abnormalities, in consequence, can be correlated directly with the histopathological appearance of the brain. A disadvantage of the histoautoradio graphic technique, however, is the fact that the la beling of proteins by radioactive amino acids does not directly correlate with the actual protein syn thesis rate, particularly not under pathological con-ditions. The kinetics of the precursor-product re lationship are exceedingly complex, up to seven rate constants being involved in determining blood to-brain transport, metabolism, aminoacylation, and protein incorporation of labeled amino acids, as well as degradation of previously synthesized proteins (Bodsch, 1986) . These kinetics are dif ferent for each amino acid involved, and may ch ange independently in different regions of the brain. It is therefore not possible to calculate quan titative values of the protein synthesis rate without accurate knowledge of the concentration profile of tissue precursor for each or the total amount of amino acids used for labeling during the whole length of protein incorporation. In the present study, such concentration profiles could not be es tablished because only one animal was available for each recirculation time following I h of ischemia. For this reason, end-point determinations of tissue precursors were carried out at the time of death to obtain estimates of this profile in comparison with the normal situation. With this approach evidence could be provided that there is, in fact, substantial postischemic reactivation of the protein-synthe sizing machinery in most regions of the brain. How ever, we also observed delayed disturbances of pro tein synthesis in hippocampus similar to lesions de scribed in other species after shorter ischemia (Dienel et ai., 1980; Bodsch and Takahashi, 1986) . In the following, our observations on protein syn thesis will be correlated with the morphological ap pearance of the brain during the early recovery pe riod after 1 h of ischemia.
MATERIALS AND METHODS
Seven adult rhesus monkeys were investigated. Two animals were sham-operated controls, and five were sub jected to I-h global brain ischemia at normal body tem perature, as described in the first part of the study. Per sisting flow rate during ischemia was measured by indi cator clearance, and was found to remain <0.006 ml/gl min. After ischemia, brains were reperfused at elevated blood pressure, and physiological variables were kept as close to normal as possible by adjustments of ventilation and controlled infusions of buffers and electrolyte solu tions. Details of this treatment are given in the first part of this article (Hossmann and Grosse Ophoff, 1986) . After predetermined recirculation times, the brains were pro cessed for the evaluation of protein biosynthesis and his tological alterations, as described below.
Protein synthesis
3H-Labeled amino acids (phenylalanine, tyrosine, iso leucine, leucine, and methionine; total specific activity 92 Ci/mmol; I mCi/kg body weight in 0.8 ml Ringer's solu tion) were infused within 30 s into the femoral vein. Ar terial blood samples were taken at various intervals until 45 min when the animal was sacrificed by air embolism.
Immediately before embolism, a brain sample of � 300 mg was obtained from the frontal lobe and freeze clamped in liquid nitrogen. The brain was removed and brain slices of � lO-mm thickness were obtained. These slices were fixed by immersion for 2 days in 4% formalin and for I week in 10% formalin, and embedded in par affin. For autoradiography three slices were cut into 10-f.Lm sections on a microtome, deparaffinized, and exposed to Ultrofilm (LKB, Grafelfing, ER.G.) for 6 weeks. Four micron sections from the same blocks of paraffin-em bedded material were used for histoautoradiography, dipped into a photographic emulsion (liford, L4; Ilford Nuclear Research, Neu-Isenburg, ER.G.), and exposed at 4°C for 8 weeks. After development with a Kodak DI9 developer, sections were poststained with hematoxylin eosin or cresyl violet, and the number of silver grains over individual cells was determined using a morpho metric system (Olympus System Microscope BHS with a Summagraphics Corp. Bit Pad interfaced to a Feltron Microcomputer) .
Biochemical assays of protein synthesis were carried out by measuring the specific activity of amino acids, aminoacyl-transfer ribonucleic acid (tRNA), and amino acids incorporated into proteins. as described before (Bodsch and Hossmann, 1983) . Blood samples were taken during the incorporation period, deproteinized, and subjected to HPLC amino acid analysis. Freeze-clamped brain samples were divided into two portions. One part was treated with 10% trichloroacetic acid to separate pro teins from free amino acids. Both fractions were then used to determine specific activities by HPLC. The second part was treated with periodate (Johnson and Chou. 1973 ) for isolation of aminoacyl-tRNA, which in turn were alkaline treated and analyzed for the amino acid content by HPLC (Bodsch and Hossmann. 1983 ).
Histology
Four-micron paraffin sections taken from the same blocks as for histoautoradiography were prepared for his tology. using cresyl violet, Klilver-Barrera, hematox ylin-eosin, and Bodian stainings. Photographs of histo logical sections were taken with a conventional light mi croscope.
RESULTS

Protein synthesis
Amino acid incorporation into proteins was eval uated biochemically and by autoradiography. To ob tain an estimate of the tracer input function, the specific activity of amino acids in plasma was in tegrated over the incorporation period of 45 min. In addition, freeze-clamped brain tissue from the frontal cortex was assessed at the end of the incor poration period for specific activities of free amino acids, aminoacyl-tRNA, and proteins. As demon strated in Table 1 , the integrated specific activity of amino acids in plasma was remarkably constant and varied by not more than 10%. The concentration of free amino acids in brain tissue, on the <;>ther hand, increased by >50% during recirculation, reaching a peak after 3 h. As a consequence, the specific ac- tivity of free amino acids-and to a lesser degree of aminoacyl-tRNA-declined after the onset of re circulation. Aminoacyl-tRNA is the immediate pre cursor of protein synthesis, and determination of the integrated specific activity is necessary for quantification of the protein synthesis rate. In the present study, only the end-point of this function could be determined. However, previous observa tions have revealed that the specific activity of the aminoacyl-tRNA reaches a peak shortly after tracer injection and levels off only slightly during the fol lowing 45 min (Bodsch, 1986) . Changes of the end point, in consequence, are in the same direction as that of the integrated activity. After 1.5-6 h of re circulation, the specific activity of aminoacyl-tRNA was � 30% lower than in nonischemic animals; for this reason, the measured amino acid incorporation into proteins is an underestimation of the actual protein synthesis activity in comparison with con trol. Similarly, the increase of the specific activity of aminoacyl-tRNA by � 15% after 24 h indicates that protein synthesis is slightly overestimated at this time. However, even with these methodological restrictions in mind, the results obtained clearly demonstrate that protein synthesis is severely inhib ited during the early recirculation phase. With pro gressing recirculation time, it gradually recovers until, after 24 h, an almost normal incorporation rate ensues (Table 1) .
The autoradiographic findings may be interpreted in a similar way, but the main interest was the eval uation of the regional pattern of protein synthesis (Figs. 1 and 2). After 1.5 and 3 h of recirculation, amino acid incorporation was distinctly reduced in cerebral hemispheres without differentiation be tween gray and white matter. Only in the hippo campus, after 3 h of recirculation, did the fascia dentata and CAl and CA3 sectors exhibit a rela-
tively higher radioactivity than in the rest of the brain. After recirculation of �6 h, protein synthesis of the cortex and most subcortical structures grad ually increased until, after 24 h, an almost normal pattern was obtained. However, in several thalamic nuclei, protein synthesis remained below control level, and there was a secondary suppression of protein synthesis in all hippocampal subfields.
Recovery of protein synthesis in the cerebellum progressed faster than in cerebral hemispheres. Al ready after 1.5 h of recirculation white and gray matter could be differentiated, and after �3 h the autoradiographic pattern of cerebellum was similar to that of control animals.
Tissue sections were further analyzed by histoau toradiography at a microscopic level (Fig. 3) . Neu rons from the following 10 regions were studied; cortical neurons from the fifth layer of frontal lobe, from the parietal lobe, and from the border zone between the supplying territories of the anterior and middle cerebral arteries (Fig. 4) ; thalamic neurons from n. reticularis, n. ventralis posterior lateralis, n. centralis, and n. lateralis posterior (Fig. 5) ; and Purkinje cells of cerebellar cortex and pyramidal cells of the hippocampal subfields CAl and CA3 (Fig. 6 ). All tissue sections being processed in the same way and at the same time, the number of silver grains over each neuron is a reliable estimate of cellular radioactivity (Table 2) . However, for the reasons discussed above, amino acid incorporation into proteins observed after 1.5�6 h of recirculation are underestimates, and that after 24 h is a slight overestimate of the actual protein synthesis rate of the brain. It should also be noted that only those neurons could be evaluated that were histologically visible; neurons with fading staining characteristics (see below) were not considered.
As demonstrated in Fig. 6 , initial recovery of py- Note the similarity of the pattern of amino acid incorporation in both animals, particularly in hippocampal subfield CA3 and dentate gyrus.
FIG. 1. Unstained autoradiograms of amino acid
incorporation into proteins of monkey brain be fore (control) and at various recirculation times after 1 h of complete cerebrocirculatory arrest. 3H-Labeled amino acids (phe, Tyr, lie, Leu, Met) were infused intravenously 45 min before death, and autoradiograms of coronal brain sections were prepared on tritium-sensitive film after washout of free amino acids. Note slowly pro gressing recovery of amino acid incorporation over 24 h in most regions of the brain.
ramidal cells of hippocampus was much faster than in all other regions of the brain. With increasing duration of recirculation, however, synthesis steadily increased in cerebral cortex, whereas in hippocampus and in some thalamic nuclei it sec ondarily declined after 12 h. After 24 h of recircu lation, the highest amino acid incorporation was ob served in the frontal cortex, followed by that in the n. centralis thalami, the parietal cortex, the cortical border zone between the arterial territories, and the Purkinje cells of the cerebellum. Percentage amino acid incorporation of hippocampal neurons after 24 h was still of the same magnitude as that observed in Purkinje cells or neurons from cortical border zones, but it had considerably declined in compar ison with the value at 6 h. The lowest values after 24 h, however, were observed in the n. ventralis posterior lateralis and n. lateralis posterior of the thalamus. Protein synthesis of glial cells was distinctly lower than that of neurons, but it did not change after ischemia. The control value of grain counts over oligodendroglia from corpus callosum was 7.0, and it remained at this level throughout the post ischemic observation period. Morphometric evalu ation of astroglial cells was not carried out because unequivocal outlining of cell bodies was not pos sible. 
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Histological observations
Adequate evaluation of the histopathology of early ischemic cell damage requires perfusion fix ation to be able to differentiate between subtle mor phological alterations and fixation artifacts. In the present investigation, tissue had to be fixed by im-J Cereb Blood Flow Metabol, Vol. 6, No. J, 1986 mersion because perfusion fixation would have pre cluded metabolic studies. The following observa tions, therefore, are confined to alterations that were not observed in the control material, i.e., ab normalities of cellular staining, appearance of intra cytoplasmic microvacuoles, and perineuronal or Table 2 ). Note the slow progression of the recovery pro cess after ischemia.
perivascular glial swelling. These alterations dif fered so clearly from the appearance of immersion fixed control material that their pathological signif icance cannot be questioned.
In the cortex, the most conspicuous finding after 1.5 h of recirculation was a distinct peri neuronal and perivascular edematous swelling; swelling di minished after 3 h and had almost disappeared after 6 h (Fig. 7) . Neuronal cell changes were mainly of the dark type and were encountered almost exclu sively in the third and fifth layer. They were fre quent after 6 h of recirculation, but they diminished after 12 h and were almost absent after 24 h. In these cells intracytoplasmic vacuoles were present after 3-12 h of recirculation but they disappeared after 24 h.
In the head of the caudate nucleus, edematous changes, as evidenced by peri neuronal and perivas cular spaces, were observed after 1.5-3 h. Neu- Fig. 4) . Note secondary suppression of protein synthesis in hippocampal neurons after longer recirculation times.
ronal damage was of the dark type, the nuclear ma trix and the cytoplasm being almost of the same density. These changes gradually disappeared after longer recirculation times and were absent after 24 h.
The nucleus putamen and globus pallidus suf fered from similar edematous changes as described above for up to 3 h of recirculation. Numerous large neurons exhibited alterations of the dark type, starting after 1.5 h of recirculation and being com plicated by the appearance of intracytoplasmic vac uoles after 3-12 h. After 24 h most of the large neurons had disappeared, whereas the middle-sized and small neurons did not exhibit pathological changes.
In the thalamus a complex pattern of peri-and intrancuronal vacuolation was observed (Fig. 8) . After 1.5-3 h of recirculation, almost every neuron was surrounded by pericellular vacuolation, which presumably represents glial swelling. After 6 h, these vacuoles were less abundant, but there was a conspicuous increase in intracytoplasmic microvac uoles. After 12 and 24 h, both intra-and perineu ronal vacuoles again diminished, but they did not disappear. In addition, neuronal changes of the pale type occasionally occurred, the maximum being present after 24 h.
The hippocampus revealed well-marked histolog ical lesions in all subfields with a maximal degree in CAl' After 6 h of recirculation, numerous neu rons exhibited intracytoplasmic vacuoles, and after 12 h a substantial number of dark neurons was en countered. In contrast to other regions, these changes appeared to be progressive .
The cerebellum differed from the cerebral struc tures mainly by the observation that edematous changes were less pronounced and were detected only after 1.5 h of recirculation (Fig. 9) . Granule cells appeared normal at all recirculation times. On peri neuronal swelling and cytoplasmic microvac uoles, an increasing number of Purkinje cells suf fered from alterations of the pale type, particularly between 12 and 24 h. At the latter interval, -30% of cells were involved. Finally, cell alterations of the dark type were transiently observed after 12 h, but this change did not affect> 10-15% of neurons. In addition to the described changes, the number of neurons appeared to be slightly reduced in the cortex and in the nucleus caudatus after 12 and 24 h of recirculation. However, as the present material was not suited for morphometry, the degree of neu ronal loss could not be quantified.
DISCUSSION
In most of the earlier biochemical investigations of postischemic cerebral resuscitation, brain via bility was evaluated by assessing the state of en ergy-producing metabolism (Ljunggren et aI., 1974; Hossmann et aI., 1976; Nordstrom et aI., 1978) . It has to be considered, however, that production of energy-rich substrates is only one among numerous processes involved in the maintenance and control of neuronal functions, restoration of energy metab olism being an essential but not sufficient requisite for brain revival. This argument has, in fact, been raised to explain the obvious dissociation between normal energy state and severe functional depres sion during the early recovery period after pro longed ischemia.
For this reason, an interest exists in the use of other biochemical markers of cell viability. Protein synthesis has received particular attention because it is essential for cellular survival (Cunningham, 1983) , and being much more active in neurons than in the glial compartment, it is mainly a marker of neuronal activity (Chiapinelli et aI., 1976) .
Various methods have been proposed to estimate the rate of protein synthesis. A straightforward ap proach is the measurement of incorporation of la beled amino acids into proteins, either after sys temic (Merei and Gallyas, 1964) rate and the spatial distribution of protein synthesis. However, as has been pointed out in the introduc tory section, the complexity of tracer kinetics in cerebral protein synthesis makes it difficult to pre dict the time course of specific activity of the im mediate precursor of proteins, aminoacyl-tRNA, from blood radioactivity, particularly under patho logical conditions. This problem is further compli cated by the fact that the aminoacyl-tRN A pool is relatively small in comparison with the pool of amino acids bound to proteins (Barra et aI., 1972) . Thus, minor variations of the concentration of un labeled amino acids, e.g., by variations in protein degradation, may cause substantial changes of the specific activity of the precursor and, in conse quence, of the labeling of proteins. For this reason, Dunlop et al. (1975) have proposed to "flood" the brain with high concentrations of amino acids to minimize such interference. Flooding is performed by raising the serum con centrations of unlabeled amino acids to unphysio logical levels, thus causing increased transport into the brain. It has to be considered, however, that such a procedure causes not only competitive in hibition of other amino acids transported by the same carrier (Pardridge, 1977) but also polyribo some disaggregation (Aoki and Siegel, 1970) , and
that these processes may modify the actual protein synthesis rate.
An alternative procedure to estimate the func tional state of protein synthesis is the evaluation of ribosomal aggregation (Bast et aI., 1977) . In eu caryotic cells, polysomes are the active sites of pro tein synthesis, and a disaggregation of ribosomes is associated with an inhibition of protein synthesis (Aoki and Siegel, 1970; Copenhaver et aI., 1973) . However, this correlation is not absolute, and mea surement of ribosomal aggregation, therefore, is a useful adjunct only for the interpretation of amino acid incorporation rates. Finally, it has been pro posed to evaluate protein synthesis in vitro (Yana gihara, 1978; Nowak et aI., 1984) . This approach has the advantage that the precursor pool can be kept constant, but it is obvious that the results ob tained must be related to the in vivo situation with great caution.
In the present study, we have tried to combine the auto radiographic approach for measurement of protein synthesis after application of tracer doses of amino acids with the determination of specific activity of aminoacyl-tRNA at the end of the incor poration period. For obvious reasons, it is not pos sible to establish the integrated activity of the pre cursor in brain tissue in individual experiments.
However, using groups of animals with different cir culation times of the tracer, such profiles have been established in the normal rat (Bodsch, (986) and gerbil brain (w. Bodsch, 1986, in preparation) . It appeared that after 45 min of incorporation, the spe cific activity of labeled aminoacyl-tRNA was roughly proportional to the integrated specific ac tivity during this period. Since labeling of proteins depends on the specific activity of the aminoacyl tRNA precursor, a comparison between individual experiments is possible: An increase of specific ac tivity indicates that the measured amino acid incor poration is an overestimation and a decrease is an underestimation of the actual synthesis rate in com parison with control.
Using this approach, we were able to demon strate that protein synthesis slowly but gradually recovers after complete cerebral ischemia of I h in normothermic monkeys until, after 24 h, a value of �90% of preischemic incorporation is present in most areas of the brain. It cannot be excluded that in some regions the specific activity of the pre cursor differed from that determined in the bio chemical sample. However, our findings are in line with the earlier demonstration of ribosomal reag gregation within 24 h after I h of ischemia of the monkey brain (Kleihues et aI., 1975) . They also cor roborate previous measurements of amino acid in corporation into proteins of cat brain (Kleihues and Hossmann, 1971) , although these data had to be interpreted with caution because the specific ac tivity of the aminoacyl-tRNA precursor pool was not known. In light of the present study, these pre vious observations can now be more confidently interpreted as evidence for postischemic reactiva tion of protein synthesis. The same holds for the recovery of amino acid incorporation into brain pro teins determined in rats after 30 min of ischemia (Dienel et aI., 1980) or in gerbils after ischemia up to 20 min (Nowak et aI., 1985) .
The mechanism of postischemic inhibition of pro tein synthesis is poorly understood. There is a striking dissociation between the slow recovery of protein synthesis and the much faster restoration of the energy charge of adenylate pools, which after I h of ischemia may return to normal within 30 min (Rossmann et aI., 1976) . Using an in vitro model of protein synthesis, Cooper et al. (1977) correlated the state of polysomal aggregation with protein syn thesis after 15 min of complete ischemia of the rat brain. They observed that ribosomes retained their protein-synthesizing capacity during ischemia, but this capacity was lost within 15 min after the begin ning of recirculation together with a disaggregation of polyribosomes. After longer recirculation, the in vitro protein synthesis rate again increased in par allel with the reaggregation of ribosomes. More de tailed analysis of this phenomenon revealed that postischemic disaggregation was associated with the loss or inactivation of peptide chain initiation factors and that recovery occurred when this process was reversed. As previously shown, ribo somal aggregation is spontaneously reversible even after ischemia up to I h (Kleihues et aI., 1975) ; however, it should be considered that reactivation of the protein synthesis machinery itself does not allow conclusions to be drawn on the required types of proteins or the functional state of the newly synthesized peptides.
The described pattern of recovery after pro longed ischemia is in sharp contrast to the perma nent suppression of protein synthesis in the so called selectively vulnerable areas of the brain. Already after ischemia as short as 5 min, protein synthesis remains severely suppressed in the CAl sector of the hippocampus and to a lesser degree also in striatal and cortical areas (Bodsch and Taka hashi, 1986 ). This disturbance is of great patholog ical significance because it leads, in a high per centage, to delayed neuronal death after several days (Kirino, 1982) . The reason for permanent in hibition of protein synthesis has not been fully clar ified. There are indications that an increased excit atory neuronal input (Suzuki et aI., 1983) , calcium fluxes (Dienel, 1984; Simon et aI., 1984a) , neuro transmitter interactions (J�rgensen and Diemer, 1982) , and abnormalities of protein phosphorylation (Bodsch and Ta kahashi, 1986 ) are involved and that interference with these processes may attenuate this injury (Simon et ai. , 1984b; Wieloch et ai. , 1985) .
The histoautoradiographic observations of the present investigation demonstrate that selective hippocampal disturbances also occur after pro longed ischemia, but they appear after a period of transient recovery. In fact, a substantial number of hippocampal neurons initially recovered more rap idly than any other structure of the cerebrum, but protein synthesis was secondarily suppressed after 12-24 h of recirculation. This may be explained by the fact that metabolic suppression is preceded by a phase of neuronal hyperexcitability (Suzuki et aI., 1983) . Since the latency of postischemic recovery increases with the duration of ischemia, the phase of hyperexcitability-and consequently of subse quent metabolic depression-may also be expected to occur at a later interval.
Another selective type of injury occurred in Pur kinje cells of the cerebellum. In these cells recovery process stagnated after 6 h at �50% of control, al-though all other cerebellar neurons resumed normal protein synthesis within 3 h after ischemia. This finding corroborates earlier histological observa tions of Purkinje cell injury (Pulsinelli et aI., 1982) , but the mechanism is even less clear than that of hippocampal lesions.
Besides this "pathoclitic" type of selective vul nerability, a presumably "hemodynamic" injury was also noted. In the cortical border zones be tween the territories of anterior and middle cerebral arteries, protein synthesis recovered distinctly more slowly than in the frontal and parietal regions, which are located in the center of these territories. Border zone lesions after global ischemia have been previously detected by histological (Hossmann and Zimmermann, 1974) and regional (Paschen et aI., 1983) biochemical investigations, and there is good evidence that they develop during the phase of post ischemic hypoperfusion. This conclusion is in line with the notion that postischemic hypoperfusion is one of the main risk factors for resuscitation after prolonged ischemia (Hossmann and Zimmermann, 1974) .
The postischemic pattern of protein synthesis correlated remarkably well with the early morpho logical alterations after ischemia. Although the tissue had to be fixed by immersion, it was quite evident that the neuronal changes were mainly of the dark type and that they were largely reversed within 24 h of recirculation. The pattern of perma nent alterations was similar but not identical to that described in several other investigations before. Pulsinelli et al. (1982) reported injury of the CAl and CA3 subfields of the hippocampus, the Purkinje cells, and small striatal and cortical neurons after 30-min four-vessel occlusion in rats. Paljarvi (1984) used a combination of bilateral carotid artery oc clusion and hypovolemic hypotension for produc tion of severe forebrain ischemia up to 30 min. He also found extensive injury of cortical and striatal neurons in addition to the hippocampal lesion. In both models, injury was aggravated by hypergly cemia, pointing to the importance of lactacidosis for the development of pathological lesions. In our study of complete global ischemia, the most severe changes-besides of the hippocampus and Purkinje cells-were found in the thalamus, whereas cor tical and small striatal neurons were preserved. The main difference of our model is the completeness of ischemia and the fact that the blood is alkalized prior to recirculation; it is therefore conceivable that the different pattern of vulnerability reflects differences in the degree and distribution of isch emia as well as in the extent of postischemic aci dosis.
Irrespective of these focal alterations, our mor phological observations, the histoautoradiographic evaluation of protein biosynthesis, and the electro physiological recovery reported in the first part of this investigation (Hossmann and Grosse Ophoff, 1986) clearly indicate that a substantial fraction of neurons is able to survive complete cerebrocircu latory arrest of 1 h. It should be stressed, however, that the recovery process is slow and that neurons transiently undergo severe pathological changes that must be reversed to prevent permanent isch emic cell injury (Plum, 1983) . It is not yet clear what the best strategy will be for this purpose; however, the positive evidence of neuronal viability provided in this study supports the notion that neuronal death is not an inescapable sequel of prolonged ischemia and that there are realistic chances for a further improvement of postischemic functional recovery.
